It has been postulated that the positive effects of physical activity on high density lipoprotein cholesterol (HDL-C) and HDL-C subfraction 2 (HDL-C 2 ) are mediated through insulin action because increased activity lowers insulin levels and lower insulin levels are associated with higher HDL-C. These relations were evaluated in a rural population of Hispanic and non-Hispanic white (NHW) adults in Colorado. Included were 138 men and 152 women with normal glucose tolerance confirmed by World Health Organization criteria. Total physical activity was assessed by 7-day recall interviews. No significant associations were observed among women. Among men, activity was inversely associated with fasting insulin (r= -0.17, /?<0.05). From analysis of covariance models including the interaction term activity x ethnicity, total HDL-C was 43.4 mg/dl (95% confidence interval [CI] =39.1, 47.7) in the low tertile of activity and 50.4 mg/dl (95% CI=46.3, 54.5) in the high tertile for NHW men, after adjustment for fasting insulin, fasting glucose, body mass index (BMI), waist to hip ratio (WHR), and age. For Hispanic men, adjusted HDL-C was 43.4 mg/dl (95% CI=38.6, 48.2) and 49.1 mg/dl (95% CI=44.0, 54.2) in the low and high tertiles, respectively. Adjusted HDL-C 2 levels were 52% higher in the most compared with the least active NHW men, whereas there was no difference by activity for Hispanic men. Higher adjusted mean levels of HDL-C, were observed for the high compared with the low activity tertile in both ethnic groups. Ethnicity-specific models showed that for NHW men, activity explained 12% (p=0.01), fasting insulin explained 5% (/?=0.05), and BMI explained 6% (p=0.04) of the variability in total HDL-C, after adjustment for fasting glucose, WHR, and age. These models confirmed that effects of insulin and body fat did not explain the observed associations between activity and total HDL-C and its subfractions.
T he effect of physical activity on lipids and lipoproteins has been assessed in numerous reports. 1 -25 Cross-sectional studies have provided evidence for a beneficial effect of physical activity that is most consistent for total high density lipoprotein cholesterol (HDL-C) and HDL subfraction 2 (HDL-Q) 1 " 15 ; however, results from prospective surveys and from intervention studies are equivocal. 16 - 25 Only one 18 of three 16 -18 prospective surveys showed a positive association between physical activity and change in HDL-C in women and a change in the ratio of total cholesterol to HDL-C in men. Five of eight exercise trials conducted among men (reviewed by Brownell et al 22 ) showed significant increases in HDL-C with exercise. Three of these trials evaluated the effect of exercise in women, but no significant differences were reported.
A possible source of discrepancy between studies is the inconsistent evaluation of regulators of lipoprotein metabolism other than physical activity such as insulin action and body composition. Specifically, it has been suggested that the association between increased physical activity and increased levels of HDL-C may be mediated at least in part by a beneficial effect of physical activity on insulin metabolism 26 or on body weight. 27 Increased levels of physical activity have been associated with lower levels of both fasting insulin and fasting c-peptide among nondiabetic male participants of the San Luis Valley Diabetes Study (SLVDS). 28 Furthermore, higher levels of physical activity may improve insulin action. 2930 Lower insulin levels have been associated with increased levels of HDL-C and HDL subtractions. 31 " 36 Donahue et al 26 compared multivariate models of physical activity and HDL-C to evaluate a potential role of insulin in the association between physical activity and HDL-C, independent of obesity. When insulin was included in the statistical model, the decline in the magnitude and significance level of the effect of activity on HDL-C led to the conclusion that insulin resistance may mediate the association between activity and HDL-C, at least in men.
In the present study, we have simultaneously examined the role of insulin, obesity, and fat distribution in the associations between habitual physical activity and lipids and lipoproteins among nondiabetic participants of the SLVDS. This study population offered the unique opportunity to evaluate these relations among Hispanic and non-Hispanic white (NHW) men and women who live in a rural area of southern Colorado.
Methods

Study Population
The SLVDS is a population-based epidemiological study of the etiologic and prognostic factors associated with non-insulin-dependent diabetes mellitus and its complications in Hispanic and NHW persons. Details of the study methods have been previously reported. 37 The study area consists of two counties, Alamosa and Conejos, located in a rural mountain valley at an altitude of 2,300 m in the south-central portion of Colorado. Residents of these counties, 44% of whom are Hispanic, have a median family income of approximately $12,600/yr. 38 Control subjects were selected by a two-stage sampling process. After identification of all residential structures in the study area, 21% were sampled, and a brief household enumeration interview was completed for 96.6% of the occupied residences. Then a random sample was drawn from those included in the enumeration interview within age, gender, ethnicity, and county strata. Subjects were considered eligible if they were 20-74 years of age, were current noninstitutional residents of the study area, were judged to be mentally competent by the interviewer, and were able to speak either English or Spanish. In addition, controls reported never having been told by a physician that they had diabetes.
A total of 887 eligible controls were invited to attend a 4-hour clinic. Of those invited, 607 (68.4%) completed a clinic visit between May 1984 and April 1986. Short interviews were conducted among 80% of the eligible controls who did not attend the clinic to identify possible biases due to nonresponse. 37 NHW persons, married persons, and those with more years of education were more likely to attend clinic. Minimal differences were seen for other variables, including self-assessed health status, reported weight, smoking, and alcohol consumption.
Results of a 2-hour oral glucose tolerance test performed after at least an 8-hour fast were used to classify the current diabetes status of all subjects according to the 1985 World Health Organization (WHO) criteria. 39 This report is restricted to those subjects with confirmed normal glucose tolerance (488 of the 607 eligible control subjects). Persons with impaired glucose tolerance, diabetes, or indeterminant status by WHO standards were excluded.
Physical Activity
The Stanford 7-day physical activity recall (PAR) 40 was modified for use in this study by dividing the week into work and nonwork (leisure) time rather than into weekdays and weekends to accommodate subjects who worked on weekends (e.g., ranchers and homemakers). Work activities generally included activities necessary for the support of the household whether paid or unpaid (as in the case of full-time homemakers, some retired persons, or ranchers). The PAR was administered by trained interviewers in English or Spanish, as needed.
The PAR required subjects to recall time spent in activities that were included in three categories of activity intensity ("active," "very active," and "extremely active") plus sleep. The remaining time for the 7-day period was assumed to have been spent in "somewhat active" activities. (Examples of the classification of various activities are shown in "Appendix 1.") Each of these activity categories has been assigned an average metabolic equivalent (MET) level, where 1 MET (working metabolic rate/resting metabolic rate)=1 kcal expended/kg body wt/hr. The MET value for sleep is 1.0, for "somewhat active" is 1.5, for "active" is 4.0, for "very active" is 6.0, and for "extremely active" is 9.0 METs. This information enabled estimation of caloric expenditure for the prior week. Further details of physical activity assessment in the SLVDS have been reported elsewhere. 41 The PAR was initiated several months into the study, and therefore estimates of caloric expenditure were available for 141 men and 181 women with normal glucose tolerance. Other data were missing for three men and four women, and women who reported current use of exogenous estrogen (including oral contraceptives) were excluded from analyses («=26). Therefore, the final sample for this report included 138 men and 151 women. dase method. 43 HDL-C and HDL-C 3 were measured by use of the two-step dextran sulfate-MgCl 2 precipitation method. 44 HDL-Q was calculated as the difference between total HDL-C and HDL-C,. Serum triglycerides were measured by the method of Stavropoulos and Crouch. 45 Low density lipoprotein cholesterol (LDL-C) was calculated by first subtracting the serum triglyceride level divided by five from the total serum cholesterol value and then subtracting the total serum HDL level. This calculation was performed only for subjects with serum triglyceride levels below 400 mg/dl.
Other Variables
Body mass index (BMI) was used as a measure of overall obesity and was calculated by dividing weight in kilograms by height in meters squared. The waist to hip ratio (WHR) was used as a measure of fat distribution and was determined by dividing waist circumference (measured at the bottom of the 10th rib at midrespiration) by hip circumference (measured at the most lateral tip of the iliac crest). Ethnicity (Hispanic or NHW) was defined by a response to the 1980 US census question, "Are you of Spanish/Hispanic origin or descent?" 46 Dietary fat, sucrose, and total caloric intakes were estimated from a 24-hour dietary recall that used the interview methods and nutrient data base (version 14) of the University of Minnesota Nutrition Coordinating Center. 47 Usual alcohol intake in grams per week was estimated from responses to a food frequency interview. A current smoker was defined as one who had smoked at least 100 cigarettes in his or her lifetime and who was currently smoking.
Statistical Analyses
All analyses were conducted on a gender-specific basis. To compare the mean lipid or lipoprotein levels for NHW and Hispanic subjects in three levels of physical activity adjusted for other variables, twoway analysis of covariance models were constructed 48 by use of the general linear models procedure in the Statistical Analysis System (SAS) software package. 49 Physical activity was entered in the models as two (0,1) variables representing three levels of activity to allow for the possibility of nonlinear relations with the outcome variables. Gender-specific tertiles in kcal expended/kg body wt/week were defined as follows: for men, 224.0-251.9, 252.0-303.9, and 304.0-579.9; for women, 224.0-245.9, 246.0-273.9, and 274.0-441.9. Fasting insulin, fasting glucose, BMI, WHR, and age were included in all multivariate models. Interaction terms were used to assess differences in the effect of activity on the outcome variables by ethnicity (activityx ethnicity). The term activity x fasting insulin was used to test whether the effect of activity on HDL-C was the same for all levels of fasting insulin. Other interaction terms included activity x BMI, activity x WHR, and fasting insulin x BMI. To decrease the probability of a type II error, interaction terms were retained in the model if the probability value was less than or equal to 0.20. Partial correlation coefficients were used to quantify the variance explained by each of the variables after accounting for all other variables in the model. 50 Multiple partial correlation coefficients were calculated for physical activity to give the variance explained by activity overall while retaining the parameterization of activity as two (0,1) variables. Values are mean and (SEM). NHW, non-Hispanic white; H, Hispanic; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
'Adjusted by analysis of covariance to the mean age of the 138 men and 151 women, respectively. fOne NHW man and one Hispanic man had missing LDL-C values due to triglyceride values >400 mg/dl. :jp<0.05 for comparison between the low and high activity levels. Table 1 presents the average unadjusted serum lipid and lipoprotein values by gender and ethnicity. Higher levels of total HDL-C, HDL-Q,, and HDL-C, were found in women compared with men in both ethnic groups. The mean values of total cholesterol and LDL-C were similar between men and women. The mean triglyceride level was 23.1% lower in NHW women compared with NHW men. Estimated average energy expenditure (Table 1 ) was 10.7% lower among NHW women compared with NHW men and was 13.6% lower in Hispanic women compared with Hispanic men.
Results
The average age-adjusted lipid, lipoprotein, and fasting insulin levels by physical activity tertiles are shown in Table 2 by gender and ethnicity. For NHW and Hispanic men, the mean levels of total HDL-C were higher in the high tertile compared with the low tertile of activity (for both, p<0.05). Activity level was also inversely associated with HDL-Q for NHW men and with HDL-C 3 for Hispanic men (for both, p<0.05). No other statistically significant associations were observed between activity level and lipids and lipoproteins for either men or women. Age-adjusted mean fasting insulin levels were lower in the high compared with the low activity level for both NHW and Hispanic men; however, these differences did not reach statistical significance.
Multivariate models were constructed to obtain the best estimate of the association of physical activity with lipids and lipoproteins, independent of the influence of other variables, including fasting insulin, fasting glucose, BMI, WHR, age, and ethnicity. For women these models confirmed the lack of a statis- tical association between physical activity and each of the six outcome variables (for each, p>0.60, models not shown). Among men physical activity was not associated with total cholesterol, LDL-C, or triglycerides in the multivariate models (for each, p>0.40, models not shown).
Further analyses focused on the associations between HDL-C, physical activity, fasting insulin, and obesity among men. The unadjusted correlation coefficients between these variables are presented in Table 3 . Physical activity, analyzed here as a continuous variable, was positively associated with total HDL-C and with HDL-C 3 (p<0.01). Both fasting insulin level and BMI were inversely correlated with physical activity (p<0.05) as well as with total HDL-C and HDL-C subfractions (p<0.01). Fasting insulin level was positively correlated with BMI Table 4 shows estimated levels of HDL-C derived from analysis of covariance models (one model for each of the three outcomes). The first part of the table presents estimated levels of total HDL-C and HDL-C subfractions by activity level, after adjustment for fasting insulin, BMI, and all other variables in the models. Values for NHW men and Hispanic men are presented separately because the probability value for the activity x ethnicity interaction terms indicated that the effect of activity on HDL-C, HDL-Q, and HDL-Q differed by ethnicity (probability values for the interaction terms=0.025, 0.109, and 0.011, respectively). Total HDL-C was 16.2% higher in the high tertile compared with the low tertile of physical activity for NHW men and was 13.1% higher for Hispanic men. The most active NHW men had 52% higher levels of HDL-Q than did the least active NHW men. For Hispanic men, the estimated HDL-Q level did not vary with activity. The observed difference in the effect of activity on HDL-Q between NHW and Hispanic men should be viewed with caution because the probability value of the interaction term (p=0.ll) did not reach the traditional level of statistical significance. For both NHW and Hispanic men, HDL-Q was higher in the high compared with the low activity tertile (11.7% and 18.2%, respectively). As illustrated in Figure 1 , differences in total HDL-C and its subfractions by physical activity tertile appeared to be greatest between the moderate and high tertiles for NHW men, whereas for Hispanic men the greatest differences (for total HDL-C and HDL-Q) appeared to occur between the low and moderate tertiles.
The second part of Table 4 shows the estimated change in HDL-C levels per unit increase in fasting insulin, BMI, and other covariates, independent of the effects of physical activity and ethnicity, for total HDL-C, HDL-Q, and HDL-Q. A 1 microunit/ml increase in fasting insulin was associated with a 0.39 mg/dl decrease in total HDL-C (95% confidence interval [CI]=-0.75, -0.02). Results were similar for HDL-Q, but fasting insulin was not associated with HDL-Q. An increase of 1 kg/m 2 in BMI was associated with a 1.01 mg/dl decrease in total HDL-C (95% CI=-1.54, -0.48). BMI was also inversely associated with HDL-Q and HDL-Q.
Additional variables were evaluated as potential confounders of the association between activity and total HDL-C and its subfractions. Current smoking, dietary sucrose, percent of caloric intake as fat, and total caloric intake did not alter the relation between physical activity and any of the three outcomes (p>0.10 for each variable and each outcome), and these variables were not retained in the final models. Alcohol consumption (g/week) was retained in the model for HDL-Q (p=0.02) but was not included in models for either total HDL or HDL-Q (/>>0.10 for both).
There was no evidence for differences in the effect of activity on HDL-C by fasting insulin, BMI, and WHR (probability value for the interaction terms >0.20 for total HDL-C, HDL-Q, and HDL-Q); therefore, these terms were not retained in the final models. Similarly, there was no evidence for interaction between fasting insulin and BMI (p>0.20 for total HDL-C, HDL-Q, and HDL-Q).
Partial correlation coefficients were obtained for the independent variables of physical activity, fasting HDL-C, high density lipoprotein cholesterol; CI, confidence interval; BMI, body mass index. "Analysis of covariance models were specified as follows: Total HDL-C=actrvity+ethnicity+(ethnicityxactivity)+fasting insulin + fasting glucose + BMI+waist/hip ratio+age. HDL-C 2 =activity+ethnicity+(ethnicityxactivity)+fasting insulin + fasting glucose + BMI+waist/hip ratio + age. HDL-C 3 =activity+ethnicity + (ethnicityxactivity)+fasting insulin+fasting glucose+BMI+waist/hip ratio+age+alcohol intake. tiV=137 (One subject had missing alcohol intake data).
insulin, fasting glucose, BMI, WHR, age, and (for HDL-Q) alcohol intake (Table 5 ) from ethnicityspecific analysis of covariance models. Each squared coefficient (r 2 ) can be interpreted as the variance explained by the independent variable, after accounting for all other variables in the model. For NHW men, physical activity level explained 12% of the variability in total HDL-C that remained after adjustment for fasting insulin, BMI, and all other variables in the model (p=0.01). Fasting insulin explained 5% of the variability in HDL-C after adjustment for physical activity and all other variables (/?=0.05), and BMI independently explained 6% of the variability in HDL-C 0=0.04). Among NHW men fasting insulin was more strongly associated with total HDL-C and HDL-Q than was fasting glucose. However, for Hispanic men fasting glucose was associated with total HDL-C and HDL-Q, but fasting insulin was not. In addition, WHR was associated with total HDL-C and HDL-Q among Hispanic men but not among NHW men. Nonetheless, except for HDL-Q in Hispanic men where no association with activity level was found, activity was independently and positively associated with HDL-C and HDL-C subfractions for both NHW and Hispanic men (p<0.05) ( Tables 4  and 5 and Figure 1 ).
Discussion
In a biethnic rural population, we have evaluated the associations between physical activity and lipids and lipoproteins in a cross-sectional populationbased design. Among Hispanic and NHW men, the data suggest that physical activity is positively associated with total HDL-C and HDL-Q, independent of the influences of insulin, BMI, and WHR. This effect was also observed for HDL-Q in NHW men. It is possible that a component of the beneficial effect of physical activity on HDL-C and HDL-C subfractions is mediated by changes in insulin metabolism, overall obesity, or fat patterning; however, in this study population it is most likely that alternate pathways are operative.
Magnitude of Effect
The magnitude of the effect of physical activity on mean total HDL-C observed in this study (from 43.4 to 50.4 mg/dl for NHW men and from 43.4 to 49.1 mg/dl for Hispanic men [ Table 4 ]) may have substantial clinical importance. For middle-aged men at moderate risk for coronary heart disease in the Framingham Study, 51 a baseline HDL-C value of 55 mg/dl was associated with a 27% lower 4-year risk for coronary heart disease compared with a baseline value of 45 mg/dl. Based on a proportional-hazards model from the Lipid Research Centers Follow-up Study, 52 a 10 mg/dl decrement in baseline HDL-C was associated with a 51% increase in risk for cardiovascular disease mortality in men. 
FIGURE 1. Bar graphs of estimated average values and 95% confidence intervals for total HDL-C and HDL-C subfractions by physical activity level, independent of fasting insulin, fasting glucose, body mass index, waist to hip ratio, and age for non-Hispanic white (NHW) and Hispanic men, San Luis Valley, Colorado, 1984-1986. HDL-C, high density lipoprotein cholesterol.
It is of interest to describe the amount of activity that led to the observed differences in HDL-C between the low, moderate, and high tertiles of physical activity in the present study. For men the difference between the midpoints of the low and moderate tertiles was approximately 40 METs per week. This would be equivalent to about 1 hr/day of activity in the "very active" category (Appendix 1) for a 70-kg man. About 4 hr/day of similar activities would be approximately equivalent to the difference in midpoints for the moderate compared with the high tertile of activity for men.
Gender Differences
Many studies have shown higher levels of HDL-C in women compared with men. 53 However, the magnitude of the effect of physical activity on HDL-C has frequently been smaller among women than the magnitude of the effect for men. 5 ' 81015 In addition, there is evidence that there is less variability in activity among women compared with men in the present study population (Table 1 and Reference 41). The lack of association between physical activity and HDL-C among women in the present study may also reflect decreased sensitivity in the assessment of physical activity among women. These three factors could have made true effects of physical activity in women difficult to detect.
Ethnic Differences
In the present report NHW and Hispanic men had similar levels of total HDL-C and HDL-C, within the low and the high tertiles of physical activity, after adjustment for age and other covariates (Table 4) . However, Hispanic men categorized in the moderate level of physical activity had higher estimated values of total HDL-C and HDL-C, than did moderately active NHW men. Furthermore, although physical activity was positively associated with HDL-Q for fN=76 for HDL-C 3 (One non-Hispanic men had missing alcohol intake data). p-2 is a multiple partial correlation coefficient and is equal to the variance explained by the combined effect of the three levels of activity (two [0,1] variables). 50 NHW men, there was no evidence for this effect in Hispanic men.
Reasons for differences in the effect of physical activity on total HDL-C and HDL subfractions between ethnic groups are unclear and may be due to either biologic differences or to biases introduced by the study design. The possibility of ethnic differences in HDL-C has been raised in a previous report from the SLVDS, in which the mean values of total HDL-C and HDL-Q were higher in Hispanic male subjects compared with NHW men, after adjustment for age and diabetes status (/?<0.01, «=372). 54 In terms of study design it is possible that some misclassification of physical activity occurred and that this misclassification was different for NHW compared with Hispanic men. This could have led to artifactual differences by ethnicity in comparisons of the pattern of effect for physical activity on the outcomes. However, it seems unlikely that misclassification would have occurred differently for any one of the three outcomes (total HDL-C, HDL-Q, and HDL-Q). Therefore, the observation of an effect of physical activity on HDL-Q for NHW men but not for Hispanic men may be due to biologic differences that have yet to be fully understood. It should be noted that these differences as well as the ethnic differences observed in associations of fasting insulin, fasting glucose, and WHR with HDL-C in this study (Table  5 ) may be the result of the limited sample size within ethnic groups. Further work in this and other biethnic populations is clearly needed.
High Density Lipoprotein Cholesterol Subfraction Differences
Physical activity-induced changes in HDL-C are generally thought to be due to increases in HDL-Q without increases in HDL-Q. 2721 - 23 There are, however, at least two reports (in addition to the present study) of differences in HDL-Q, 611 including a survey of 366 men 11 in which HDL-Q was 9% higher (/?<0.05) in active compared with inactive subjects, while there was no difference in HDL-Q by activity level. Differences across studies in the laboratory procedures used to quantify HDL-C subfractions may have contributed to discrepant results. Quantification of HDL subfractions by the precipitation method of Warnick et al 44 may yield a lower amount of "HDL-Q" compared with the amount that would result from either ultracentrifugation or gradient-gel electrophoresis (R. Eckel, University of Colorado, personal communication). Nonetheless, in the present study population HDL-Q was appropriately altered in that women had higher levels of HDL-Q than did men (Table 1) , and subjects with non-insulin-depen-dent diabetes had lower levels of HDL-Q than did control subjects (R.F. Hamman, unpublished data). Therefore, we propose that the precipitation method employed in the present work was unlikely to have substantially distorted the relations between physical activity and HDL-C subfractions.
Biologic Plausibility
A primary goal of the present report was to evaluate whether data from a population-based study provided support for the hypothesis that insulin action and obesity mediate the positive association between physical activity and HDL-C. HDL-C can be synthesized from very low density lipoprotein (VLDL) remnants, which result from hydrolysis and removal of triglyceride from VLDL. The activity of the enzyme lipoprotein lipase, which is necessary for hydrolysis of lipid from VLDL, is increased in more active persons. 55 -57 Insulin is an important regulator of lipoprotein lipase, but in persons who are resistant to the action of insulin this function may be compromised. 58 Data from the SLVDS 28 and elsewhere 29 suggest that physical activity may improve insulin action, which may then lead to increased VLDL catabolism via lipoprotein lipase and the increased synthesis of HDL-C that may follow. Body composition may influence both insulin sensitivity and lipoprotein metabolism. Obesity has been inversely associated with HDL-C, particularly with HDL-Q 31 ' 53 ' 59 ; obesity has also been positively associated with insulin resistance.
31
- 60 Deposition of fat in the abdominal region (central obesity) has been inversely associated with HDL-C and with HDL-Q in both men and women 31 ' 55 ' 6061 and has been positively associated with insulin resistance.
- 60 Williams et al 27 have reported that increases in HDL-C and HDL-Q in response to a 1-year exercise trial were related to concomitant weight loss. Eckel and Yost 62 reported that HDL-C was increased 3 months after weight loss that was achieved by hypocaloric diets without exercise, compared with HDL-C levels before weight loss. Taken together, these studies provide support for a mediating effect of body weight on insulin action in the relation between activity and HDL-C.
Our data suggest, however, that physical activity is associated with HDL-C, independent of the mediating role that insulin action and body fat may play. Alternative hypotheses to explain the effect of physical activity on HDL-C include increased activity of the enzyme lecithin: cholesterol acyltransferase and decreased activity of hepatic lipase among more physically active persons. 28 It is also possible that the clinical and metabolic importance of the effect of physical activity on HDL-C is related to the effect of activity on the relative distribution of HDL particles that contain apolipoprotein A-I only (LpAI) compared with particles that contain both apolipoproteins A-I and A-II (LpAI,AII). 63 The relevant data are not available for the subjects of the current report, and because previous reports of the distribution of LpAI versus LpAI,AII within HDL-C subtractions 64 -65 did not use the precipitation method for subfraction determination, we cannot speculate on the possible associations between activity and apolipoprotein content of HDL particles in our study population.
Advantages, Limitations, and Future Work
The inclusion of persons of Hispanic ethnicity in the present study represents an important contribution to the literature that addresses the relations between physical activity and lipids and lipoproteins. Because prospectively collected data from other studies have thus far yielded conflicting results in NHW populations and there is little information from biethnic populations, the follow-up phase of the SLVDS will provide much needed information. This work is currently under way.
The ability of the present analyses to evaluate the role of insulin action in the association between physical activity and HDL-C depends in part on the accuracy of fasting plasma insulin levels as a marker of insulin action. For a given level of glycemia, levels of circulating insulin reflect secretion of insulin, hepatic extraction of insulin, and the uptake of insulin by peripheral tissues. Nonetheless, fasting insulin levels 66 and insulin levels during an oral glucose tolerance test 67 have been associated with more precise measures of insulin action. The inclusion of fasting glucose in the statistical models adjusted the associations between fasting insulin and HDL-C for fasting glycemia. In addition, two other potential markers of insulin action (fasting c-peptide and the sum of fasting insulin and 2-hour postglucose-load insulin) replaced fasting insulin in the analysis of covariance models, and the results obtained were very similar (data not shown). Despite these precautions, it should be noted that use of fasting insulin as a measure of insulin action is imprecise and that to the extent possible in epidemiological research, future work would benefit from more precise measurement of insulin action.
In this and in any study of habitual physical activity, there is a question of the validity and reliability of the assessment of physical activity in the population under study. Of the three interview-based methods of physical activity assessment used in the SLVDS, a modification of the Stanford PAR was selected for use in this work because of previous validation of the PAR. 68 - 69 In addition, an earlier report from the SLVDS 41 demonstrated consistency across methods of physical activity assessment for work-related activity and total activity for both NHW and Hispanic men. Misclassification of physical activity that may exist is unlikely to differ with respect to the lipid variables examined here, and therefore the effect of physical activity may be underestimated in this report. 70 Imprecision in measurement of physical activity, as well as the limited sample size within ethnic groups, may have also led to a pattern of association that was not one of an unambiguous dose response (Figure 1 ).
Largely due to the delayed incorporation of the PAR interview, complete data were available for only 315 of the 488 subjects with confirmed normal glucose tolerance. Therefore, we compared these subjects with the excluded subjects (81 men and 92 women), as selection bias could occur if the associations between the variables under study differed between included and excluded subjects. Pairwise Pearson correlation coefficients among age, BMI, WHR, fasting insulin, total HDL-C, HDL-Q, and HDL-C 3 were of similar magnitude and significance level for included compared with excluded men, with only one exception: fasting insulin was negatively correlated with HDL-Q for included men only (data not shown). Based on a short question series, two measures of physical activity were available for all subjects: a ranking of work-related activity and a summary measure of participation in vigorous activity. 41 For both of these measures analysis of covariance models were constructed with interaction terms to directly test whether the association between activity and each of the three HDL-C outcome variables differed between included and excluded subjects. No statistically significant differences were found. Results for women were similar. We conclude that the results presented in this report are unlikely to be biased due to the exclusion of subjects who entered the study at an early date.
The relations addressed herein are complex and appear to differ by gender and perhaps by ethnicity. In addition, the heritability of lipids and lipoproteins 7172 as well as a potential genetic component of exercise patterns 73 may make nongenetic influences difficult to detect. 74 In conclusion, results from the present study indicate that higher levels of habitual physical activity are associated with higher levels of total HDL-C and HDL-C 3 in NHW and Hispanic men as well as with higher levels of HDL-Q in NHW men. Furthermore, the associations between activity and HDL-C are independent of fasting insulin levels, BMI, and WHR. 
